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Abstract: Pesticides, primarily originating from agricultural activities, have raised environmental and health con-

cerns due to their suspected effects on the female reproductive system. Despite their widespread application, a 

significant research void exists concerning their implications for human female reproductive health. This review 

provides comprehensive information on the adverse effects of pesticides on female reproduction, focusing on their 

molecular and epigenetic mechanisms. In general, these adverse outcomes include ovarian dysfunction, hormonal 

irregularities, the onset of endometriosis, and an increased risk of stillbirths. From a mechanistic perspective, 

pesticides can interfere with the endocrine system, catalyze the formation of reactive oxygen species, and induce 

oxidative stress. At the molecular level, certain pesticides can act as hormone mimics, disrupting the normal hor-

monal balance. Moreover, they can trigger epigenetic shifts, leading to alterations in non-coding RNAs, histone 

configurations, and DNA methylation patterns. These epigenetic alterations not only have an immediate impact 

but can also be passed on to subsequent generations. Highlighting these concerns, this review underscores the 

urgent need for stringent regulations and aims to catalyze future in-depth studies on the relationship between 

pesticides and female reproductive health. 
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1. INTRODUCTION 

The female reproductive system plays 

an important role in mammalian species, in 

such functions as sexual activity, fertility, 

pregnancy, childbirth, and breastfeeding. Its 

anatomical structures comprise the uterus, 

ovaries, fallopian tubes, cervix, and vagina. 

The health and well-being of this system are 

determined by a variety of internal and exter-

nal factors, ranging from lifestyle choices to 

environmental exposures [1]. Consumption 

of several diets can improve the quality of the 

female reproductive system, especially the 

ovaries [2]. However, other factors reduce the 

quality of the female reproductive system. 

Notably, certain occupational exposures, es-

pecially radiation, heat, and potent chemi-

cals, escalate the risks of numerous diseases, 

including, premenstrual syndrome, infertil-

ity, endometriosis, and polycystic ovary syn-

drome [3-5]. Moreover, contaminants like 

plasticizers, heavy metals (e.g., lead, mer-

cury, and arsenic), and pesticides, further in-

tensify these risks [6]. 

Pesticides, crucial for maintaining ag-

ricultural productivity, are formulated to 
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mitigate threats from pests during cultivation, 

storage, and transportation. These chemical 

agents can be categorized based on their tar-

get, ranging from insecticides and rodenti-

cides to more niche types such as mollusci-

cides and nematicides [7-9]. Despite their ex-

tensive use in both residential and farming 

environments, they have significantly ad-

verse effects on the environment and various 

organisms. These chemical residues not only 

contaminate water sources but also enter the 

food chain, posing direct and indirect risks to 

organisms. Organisms can encounter these 

toxins through skin contact, inhalation, and 

food consumption [10, 11]. As these chemi-

cals persist in the environment, their potential 

for bioaccumulation intensifies, transforming 

organisms into toxic reservoirs and affecting 

the greater food chain [12]. 

 Specifically concerning the female 

reproductive system, the consequences of 

pesticide exposure are multifaceted, ranging 

from immediate repercussions to transgener-

ational epigenetic impacts. When exposure 

transpires during pregnancy, the placenta, a 

protective barrier for the fetus, often fails to 

guard the developing child from pesticide ex-

posure, potentially leading to developmental 

disruptions[13]. Additionally, during lacta-

tion, neonates can indirectly absorb these tox-

ins through breast milk, potentially hindering 

their development [14]. Some of these conse-

quences could persist, with the potential of 

being passed down to future generations, 

manifesting as epigenetic modifications [15, 

16]. Considering the broad spectrum of pesti-

cides currently in use and the limited in-depth 

research on their effects on female reproduc-

tive health, this review aims to elucidate the 

specific mechanisms of molecular pathways 

and epigenetic alterations these pollutants in-

duce in the female reproductive system. 

2. MATERIALS AND METHODS 

This review used literature to gather infor-

mation regarding the effect of pesticides 

pollution resulting from agricultural activi-

ties on the female reproductive system. The 

primary portal for general searches was 

Google Scholar 

(https://scholar.google.com/). This platform 

facilitated the identification of key concepts 

associated with the female reproductive sys-

tem. For a more refined literature search, bib-

liographic databases (i.e., Scopus and Pub-

Med) were also utilized to identify related is-

sues. Searches within these bibliographic da-

tabases were conducted using the keywords: 

"Agricultural", "Pesticide", "Reproduction", 

and "Female". To streamline the identifica-

tion and evaluation of relevant articles, cer-

tain inclusion criteria were established: arti-

cles had to be written in English, and they had 

to fall within the study timeframe of 1975-

2023. The exclusion criteria applied during 

this process encompassed articles not in Eng-

lish and those that didn't directly address the 

effects of pesticide exposure on the female 

reproductive system.
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RESULTS AND DISCUSSION 

Category of Agricultural Pesticides 

In the past five decades, pesticides have 

played a pivotal role in ensuring food security 

[17]. These chemicals, used in agricultural 

fields, private gardens, and public spaces, are 

designed to control pests.  Pesticides can be 

grouped by their target organism and their 

chemical makeup. Notably, classifications 

from the Globally Harmonized System 

(GHS) and the World Health Organization 

(WHO) also categorize pesticides based on 

their toxicity or potential adverse effects [18]. 

Based on their targets, pesticides can be seg-

mented into insecticides, fungicides, herbi-

cides, and rodenticides [19]. Chemically, 

they are divided into four primary types: or-

ganochlorine, organophosphate, carbamate, 

and pyrethroid [20].  

Organochlorine compounds contain five or 

more chlorine atoms and were the first syn-

thesized insecticides used in agriculture. 

Based on their long-lasting environmental 

impact, examples of these insecticides in-

clude DDT, lindane, endosulfan, aldrin, diel-

drin, heptachlor, toxaphene, and chlordane 

[21]. Derived from phosphoric acid, organo-

phosphates include common pesticides like 

parathion, malathion, dichlorvos, diazinon, 

and glyphosate. Carbamates, stemming from 

organic carbamic acid, encompass com-

pounds like carbaryl, carbofuran, and ami-

nocarb [22]. These function similarly to or-

ganophosphates, targeting nerve signal trans-

mission in pests, leading to their eventual poi-

soning and death [23].  

The physiological effects of pesticides on 

the female reproductive system 

Effect on the physiological quality of the 

ovary 

Ovarian function is closely related to egg for-

mation, ovulation, and the menstrual cycle. 

The process of folliculogenesis occurs in the 

ovary. The process of folliculogenesis begins 

with the development of a number of small 

primordial follicles, secondary, tertiary 

(antral), and pre-ovulatory (graafian) folli-

cles, into large preovulatory follicles [24]. Fi-

nally, the ovulation process occurs by excret-

ing the oocyte. The corpus luteum that is left 

behind can produce the hormone progester-

one. This hormone has complex functions, in-

cluding developing breast tissue, preparing 

the uterus for pregnancy, and protecting 

against endometrial cancer in postmenopau-

sal women. The work of pesticide com-

pounds can interfere with the performance of 

the ovaries (Table 1). The disrupted egg cell 

formation process can result in infertility in 

women [25]. Toxic compounds from pesti-

cides are one of the disruptive agents for the 

female reproductive system. Heptachlor is an 

organochlorine compound that acts as an in-

secticide. The effect of heptachlor on ovarian 

cells is that it can reduce estradiol concentra-

tions [26]. In addition, heptachlor can inter-

fere with and prolong the estrus cycle. The 

mechanism of action of heptachlor is interfer-

ence with hormone synthesis, so it can cause 

ovarian cycle irregularities [27]. 

Linuron and dimethomorph are a group of 

herbicides. Herbicides, such as Linuron and 

dimethomorph, can cause ovarian dysfunc-

tion and lead to infertility in women. Linuron 

and dimethomorph work by Inhibiting andro-

gen signaling during crucial ovary phases of 

development. The folliculogenesis process is 

disrupted so that the follicle maturation stage 

will be hampered. Boberg et al., 2023 showed 

that the two mechanisms of action that are af-

fected are androgen receptor (AR) and aro-

matase (CYP19A1) inhibition [28]. Direct 

impacts on the AR in the ovaries may cause 

key signaling pathways that control follicle 

development to become disrupted, reducing 

the number of available competent follicles. 

Indirectly, ovarian dysfunction can be caused 

by decreased LH/FSH release. This decrease 

occurs due to disturbances in the neuronal 

circuit organization in the brain. This indirect 

pathway is the mechanism of action of aro-

matase inhibition. 
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The malathion compound is a type of insecti-

cide with the organophosphate group. Mala-

thion has been studied to be toxic to the fe-

male reproductive system. Malathion is a 

type of organophosphate pesticides that can 

reduce female fertility. Malathion has the ef-

fect of reducing healthy follicles by increas-

ing the incidence of atresia in the ovaries. 

Malathion works by inducing apoptosis in 

granulosa cells from antral follicles in sheep 

ovaries (caprine). Granulosa cell death will 

cause condensation of chromatin, nuclear 

loss, damage to mitochondria structure, and 

increased vacuolization by lipid droplets. The 

mechanism of cell biochemical action that 

occurs involves the formation of oxidative 

stress. This oxidative stress can increase lipid 

peroxidation [29].  

Fenoxaprop-ethyl (FE) is a group of herbi-

cides that are still under-researched because 

of its toxic properties. There is a toxic effect 

of FE on oocyte quality. However, this pesti-

cide is already widely used in agriculture. 

The results of research on rats exposed to FE 

showed a decrease in ovarian weight and oo-

cyte count. In addition, oocytes with low 

quality are indicated by a reduction in the rate 

of first-polar body extrusion and fertilization 

ability. The results also show that the oocyte 

has Actin expression and abnormal meiotic 

spindle morphology. Overall, the mechanism 

of action of FE on cells is apoptosis, autoph-

agy, and mitochondrial dysfunction because 

of reactive oxygen species (ROS) accumula-

tion [30]. 
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Effect on the endometrium 

One of the abnormalities in the endometrium 

is endometriosis. Endometriosis occurs due 

to the endometrial tissue exists outside the 

uterus. Endometrium can grow on the inner 

lining of the stomach (peritoneum), ovaries 

(ovaries), intestines, vagina, or urinary tract. 

This condition causes irritation or inflamma-

tion of the tissue around the endometrium. 

This disease is correlated with estrogen. This 

is because estrogens have been known to 

stimulate the growth of endometrial lesions. 

This disease leads to infertility. Studies on 

exposure to chronic dioxin treatment showed 

significant results in increasing the incidence 

of the development of endometriosis [62].  

Effect on the fetal implantation and birth 

Women working in the agricultural sector 

with regular exposure to pesticides are at risk 

of spontaneous abortion and stillbirth 

[63,64]. One of the pyrethroid pesticides used 

to repel pests in agriculture is Lambda-

Cyhalothrin (LCT). Administered Lambda-

Cyhalothrin (LCT) to rats showed significant 

results in decreasing total litter birth weight 

and increasing stillbirth.  Iheanacho et al. 

2020 states that the study disagreed with the 

WHO report due to the results of the study 

(1989). The WHO report (1989) stated that 

the treatment of low doses of cypermethrin 

had no negative effects on body weight and 

some reproductive parameters in female rats, 

mice, and rabbits. In contrast, the results of 

the study by Iheanacho et al. 2020 including 

several studies showing that cypermethrin 

treatment with low doses has adverse effects 

in fetuses including induced pre and post-im-

plantation losses, embryonic resorption, 

weight gain in fetuses, and number of viable 

fetuses [65-67].  The difference in the results 

of the research indicates that further research 

on the effects of pesticides on reproductive 

organs, especially in humans, is urgently 

needed. This is due to the widespread use of 

pesticides and the very high risk of accidental 

exposure. Moreover, the effect of pesticide 

exposure on time to pregnancy has a negative 

correlation. Women who work in flower 

greenhouses are at risk of exposure to high 

levels of pesticides. This causes a long time 

to achieve pregnancy [68,69]. However, it is 

necessary to carry out research on the types 

of pesticides that have an effect and how the 

mechanism of action forms in pregnancy and 

increasing stillbirth. 

Molecular mechanism of the pesticides on 

female reproductive system 

Next, we focus on the molecular mechanism 

of the pesticides toxicity on the reproductive 

system. In general, the pesticides affected the 

female reproductive system by acting as En-

docrine Disrupting Chemicals (EDCs). Pesti-

cides can act as EDCs by mimicking the 

chemical structure of the hormones, blocking 

the hormonal actions, as well as altering the 

hormone levels in the bloodstream (Table 2). 

In human and rats, organochlorines like en-

dosulfan [70], and DDT is reported to mimic 

the estrogens and can bind to several recep-

tors, i.e., estrogen receptors (ER), aryl hydro-

carbon orphan dioxin receptor (AHR), gluta-

mate receptor alpha-amino-3-hydroxy-5-me-

thyl-4-isoxazole propionic acid (AMPA). 

Binding of DDT to ER, AHR, and AMPA can 

increase the GnRH activity, which leads to 

early maturation in rat’s female reproductive 

system [71-73].  

DDT is also reported to induce changes in 

gene expression via ER-independent path-

ways, through p38 mitogen-activated protein 

kinase (MAPK) and extracellular signal-reg-

ulated kinases 1/2 (ERK1/2) [74-76]. In hu-

man embryonic kidney (HEK293) and hu-

man endometrium (Ishikawa) cells, phos-

phorylation of p38 by DDT upregulates the 

AP-1 activity by inducing the formation of c-

Jun/c-Fos dimers, which activates the colla-

genase promoter [76].  In human breast can-

cer (MCF-7) cells, o,p'-DDT upregulates the 

vascular endothelial growth factor A 
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(VEGFA) by inducing p38 kinase phosphor-

ylation, which activates CREB-binding pro-

tein (CBP) binding to Hypoxia-inducible fac-

tor 1 (HIF-1). The binding of this complex to 

the VEGFA promoter at the HIF-1 response 

element (HRE), increase the VEGFA tran-

scription [74]. 

In Japanese quail, Kamata et al. reported that 

o,p'-DDT decreased the production and dis-

tribution of calcium-binding proteins osteo-

pontin (SPP1), calbindin D28k (CALB1), 

and transient receptor potential cation chan-

nel subfamily V, member 6 (TRPV6) in the 

uterus, which leads to the thinning of the 

[80,81]. Meanwhile, in domestic hen, egg-

shell thinning by o,p'-DDT exposure is medi-

ated by the disruption of the carbonic anhy-

drase (CA) activity [82]. 

Herbicide atrazine is reported to inhibit the 

pulsatile release of GnRH in female rats, 

probably by affecting the kisspeptin and neu-

rokinin B neuropeptides in the dynorphin 

neurons [77]. 

 

 

 

 

 

 

 

 

 

 

 

 

Meanwhile, diaminochlorotriazine decreased 

the LH release in murine LβT2 cells by inter-

fering the caffeine-sensitive ryanodine recep-

tor which reduced the GnRH-mediated cal-

cium uptake/storage and LH release [78].  

While organochlorines can act as EDCs by 

mimicking the estrogen and interact with ER, 

fungicide prochloraz act as ER antagonist 

which downregulates the ERα and ERβ 

mRNAs expression [79]. Fungicide man-

cozeb is also reported to downregulates the 

ERβ and integrin β3 of Ishikawa cells which 

leads to lower attachment of human primary 

endometrial epithelial cells (EECs) and hu-

man blastocyst surrogate trophoblastic sphe-

roids (JEG-3) [83], that explains the sponta-

neous abortion and irregular menstruation 

observed in women as well as inhibition of 

implantation in female mice exposed to man-

cozeb [83-87]. 

 

 

 

 

 

 

 

 

 

 

Table 2: Pesticides as EDCs and its affected receptors 

Type of 

pesticides 
Pesticides Organism 

Key Receptors, Enzymes 

and Affected Hormones 
References 

Organochlorine Endosulfan Rat ER [70] 

Organochlorine DDT Rat ER, AHR, AMPA, GnRH [71,72] 

Organochlorine DDT Japanese quail SPP1, CALB1, TRPV6 [80,81] 

Organochlorine DDT Chicken CA [82] 

Organochlorine DDT Human cells ER [73] 

Organochlorine DDT Human cells p38 MAPK, ERK1/2 [74-76] 

Herbicide Atrazine Rat Kisspeptin and neurokinin 

B neuropeptides (putative), 

GnRH 

[77] 

Herbicide Diamino-

chlorotriazine 

Mouse cells Caffeine-sensitive 

ryanodine receptor, LH 

[78] 

Fungicide Prochloraz Human cells ERα and ERβ [79] 

Fungicide Mancozeb Human cells Erβ and integrin β3 [83] 

Abbreviations: AHR: aryl hydrocarbon orphan dioxin receptor; AMPA: alpha-amino-3-hydroxy-5-methyl-4-isoxazole propionic acid; CA: 

carbonic anhydrase; CALB1: calbindin D28k; ER: estrogen receptor; GnRH: gonadotropin-releasing hormone; MAPK: mitogen-activated 

protein kinase; SPP1: osteopontin; TRPV6: transient receptor potential cation channel subfamily V, member 6. 
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Epigenetic mechanisms of the pesticides 

on female reproductive system  

The phenotypic effects of pesticides on fe-

male reproduction have been discussed 

above. In this section, we will focus on the 

downstream effects (i.e ., epigenetic altera-

tions) of pesticides on the female reproduc-

tive system (Table 3). The pesticides dis-

cussed are categorized into insecticides, 

herbicides, and fungicides. Three insecticides 

have been reported to influence epigenetic al-

terations in the reproductive organs of female 

rodents, i.e., methoxychlor (MXC), endosul-

fan, and chlordecone (CD) [88-90]. Besides 

insecticides, other pesticides such as herbi-

cides (i.e., atrazine (ATZ), glyphosate, and 

fenoxaprop-ethyl (FE)) and fungicides (i.e., 

vinclozolin and mancozeb) are also associ-

ated with epigenetic changes in the reproduc-

tive systems of various organisms [30, 91-

94]. 

Epigenetic alterations refer to the modifica-

tion of DNA, RNA, and its associated pro-

teins without DNA sequence changes. These 

alterations include non-coding RNAs, his-

tone modifications, and DNA methylation. 

DNA methylation is the addition or removal 

of methyl groups to DNA molecules, which 

play a role in the gene expression regulation. 

Histone modifications refer to the alterations 

of various chemical groups in histone protein, 

such as acetyl, methyl, phosphate, or ubiqui-

tin. These alterations affect the expression of 

genes due to the accessibility of DNA during 

transcription. Non-coding RNAs can be cate-

gorized into microRNA (miRNA), long non-

coding RNAs (lncRNAs), and small interfer-

ing RNAs (siRNAs), which are not translated 

into proteins [95,96]. Although not trans-

lated, non-coding RNAs are critical in regu-

lating post-transcriptional genes, regulating 

transposons, and preventing viruses. 

Alterations in histone modifications, DNA 

methylation, and non-coding RNAs represent 

the changing of downstream gene expression 

associated with female reproduction, result-

ing in the developmental and functional dis-

ruption of tissues and organs in the female re-

productive system. Female reproductive or-

gans, such as the ovary and uterus, have been 

found to have epigenetic effects due to expo-

sure to pesticides. The epigenetic changes not 

only affect individuals but are also passed 

down from one generation to multiple subse-

quent generations. 

Epigenetic effects of pesticides on the ovary 

The epigenetic effects on the ovaries due to 

pesticide exposure have been demonstrated 

in rodents (i.e., rats and mice), and medaka 

(Oryzias latipes). Methoxychlor (MXC), an 

insecticide, was exposed to the F0 generation 

of pregnant rats from embryonic day (E) 19 

to postnatal day (PND) 7, and epigenetic 

properties were analyzed from adult ovaries. 

Hypermethylation of DNA is observed in es-

trogen receptor beta (ERβ) promoter regions, 

but no alterations in the methylation of estro-

gen receptor alpha (ERα). ERα and ERβ are 

nuclear receptors expressed in female repro-

ductive organs, which are responsible for me-

diating the effect of estrogen hormone. To en-

sure the DNA methylation changes, the DNA 

methyltransferase (DNMT) level was also 

measured. The level of DNMT3B increased 

with the administrated dose of MXC (100 

mg/kg/day). These series of DNA methyla-

tion results were followed by the increase of 

the ERβ [97]. In another report, a higher dose 

of MXC (200 mg/kg/day) was also given to 

pregnant rats during the gestational day (GD) 

8 – 14, resulting in ovary diseases at F0 gen-

eration. In addition, the disease not only oc-

curred individually but throughout genera-

tions (F3) [89]. 

Another insecticide that demonstrates the ef-

fect on ovary epigenetics was chlordecone 

(CD). The administration of 100 µg/kg/day of 

CD to rats during gestation could alter spe-

cific histone modifications, i.e., increased 

H2Aub and H3K27me3, decreased H4ac and 

H3K4me3 in embryonic oocytes, and 
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reduced H3K4me3 and H4ac in fully grown 

oocytes. Histone 2A ubiquitination (H2Aub) 

and histone 3 lysine 27 trimethylation 

(H3K27me3) are related to gene repression, 

while Histone 4 acetylation (H4ac) and His-

tone 3 lysine 4 trimethylation (H3K4me3) are 

associated with the promotion of gene ex-

pression [88].  

Apart from insecticides, ovarian epigenetic 

alternations were also found following expo-

sure to herbicides. DNA methylation and his-

tone modifications were found after the expo-

sure of atrazine (ATZ) and fenoxaprop-ethyl 

(FE), respectively. Low-dose ATZ exposure 

to developing medaka (Oryzias latipes) in-

duced a decrease in ovarian DNA methyla-

tion, followed by a decrease in the estrogen 

receptor 1 (esr1) gene. Esr1 is a gene that en-

codes ERα which is essential for binding to 

estrogen. ATZ found no transgenerational ef-

fects on ovarian medaka [91]. In contrast to 

other experiments, which were administrated 

during gestation, fenoxaprop-ethyl (FE) ex-

posure to adult mice could also lead to his-

tone modifications (i.e., H3K27me3 and 

H3K9me2) in ovaries [30]. 

Lastly, fungicides have also been shown to 

influence ovarian epigenetic changes in his-

tone modifications, DNA methylation, and 

non-coding RNAs. The administration of 

high dose mancozeb (800 mg/kg/day) to adult 

mice for 4 weeks induced the methylation of 

histone in H3K27 [93]. In another report, 

changes in DNA methylation on promoters of 

the methylated regions (DMRs) was found in 

ovarian granulosa cells of F3 generation fol-

lowing the treatment of 100 mg/kg/day of 

vinclozolin to gestational rats [94,98]. In ad-

dition, differentially expressed non-coding 

RNAs (i.e., long non-coding RNAs 

(lncRNAs) and small non-coding RNAs 

(sncRNAs)) and mRNA, were also observed 

[98]. These findings refer to the transgenera-

tional epigenetic inheritance of ovarian inter-

ferences after pesticide exposure, which is 

passed down throughout generations. 

Epigenetic effects of pesticides on the 

uterus 

Besides ovaries, epigenetic changes are also 

found in uterine rats due to pesticide expo-

sure. Endosulfan, an insecticide, was admin-

istrated (600 µg/kg/day) to rats after birth at 

postnatal day (PND) 1, 3, 5, and 7, showing a 

decrease of DNA methylation in some ERα 

regulatory regions. This decrease affected the 

decrease of downstream genes, such as mucin 

1 (MUC-1) and insulin-like growth factor 1 

(IGF-1). MUC-1 and IGF-1 genes are ex-

pressed in the uterus, which involves endo-

metrial receptivity and function, especially in 

embryo implantation [90]. Another pesticide 

that influences uterine epigenetic alterations 

is glyphosate (herbicide). DNA methylation 

and histone modifications in uterine rats al-

tered following exposure to glyphosate (350 

mg/kg/day) during gestational and lactational 

periods. These epigenetic modifications were 

a decrease of DNA methylation in the O pro-

moter of ERα, an increase of H4ac and 

H3K9me3, and a decrease of H3K27me3. 

These results were responsible for the in-

crease in the ERα genes [92]. The altered ep-

igenetics in the uterus from both reports may 

affect infertility, implantation failure, and 

pregnancy complications. 
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4. CONCLUSION 

In conclusion, pesticides (e.g., insecticides, 

herbicides, and fungicides) have been a con-

cern to have negative effects on the female 

reproductive system. The negative effects are 

categorized into phenotypic, genotypic, and 

epigenetic effects. Various types of pesti-

cides have been proven to interfere with the 

female reproductive system, such as reducing 

the quality of the ovaries, disrupting the men-

strual cycle, endometriosis, and stillbirth. 

The several mechanisms of action that occur 

are endocrine dysfunction, endocrine-dis-

rupting chemicals, the formation of reactive 

oxygen species, and oxidative stress. The 

studies of molecular and epigenetic changes 

in female reproductive organs (e.g., ovary 

and uterus) have been obtained in various or-

ganisms, such as rats, mice, and fish. Molec-

ular analysis revealed several key pathways 

that lead to the physiological changes in the 

reproductive system. The epigenetic modifi-

cations are found in specific regions of DNA, 

histone proteins, and non-coding RNAs. Fur-

thermore, epigenetic changes not only occur 

in individuals but are also inherited through-

out generations. These findings mean that 

pesticide exposure in the female reproductive 

system causes long-term epigenetic disrup-

tions of the ovary and uterus, which can be 

associated with infertility, ovarian disease, 

uterine disease, implantation failure, and 

pregnancy complications, across generations. 

Future research is needed to study similar 

mechanisms in humans. Eventually, the use 

of pesticides requires strict regulation to pre-

vent an increase in severe effects on animal 

and human populations. 
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